Introduction
The amyloidoses refer to a group of rare disorders of protein folding characterized by extracellular tissue deposition of misfolded and aggregated autologous proteins as b-pleated sheet fibrils. 1 The most common and severe type of systemic amyloidosis is amyloid light-chain (AL) amyloidosis, also known as primary amyloidosis. In AL amyloidosis, amyloid fibrils are derived from k or l monoclonal light chains, which are synthesized by a clonal population of plasma cells in the bone marrow. 2 With the exception of the central nervous system, the toxic monoclonal light-chain proteins in AL can damage virtually all organs, most frequently the heart and kidneys. Cardiac dysfunction commonly manifests as heart failure. 3 Renal involvement usually presents as nephrotic syndrome with progressive worsening of renal functions.
Patients with AL amyloidosis have a poor prognosis with an estimated median survival ranging from 6 months to 3 years depending on the patient population and data used. 1, [4] [5] [6] When symptomatic cardiac dysfunction is present, studies have found a median overall survival without treatment of ;6 months. amyloidosis, although symptomatic hepatic involvement and autonomic involvement also influence survival. 2, 10 The epidemiology of AL amyloidosis in the United States has not been well characterized. A study by Kyle et al with data from 1950 to 1989 on the general population residing in Olmsted County, MN is the most comprehensive epidemiological study to date. 1 The authors of this study reported an AL amyloidosis incidence rate of 9 cases per million person-years, and inferred that ;2200 new cases of AL amyloidosis occur annually in the United States. 1 Other studies, although not population-based, have been conducted in European regions. For example, in 2 separate studies, Pinney et al 11 and Hemminki et al 12 estimated AL amyloidosis incidence rates to be ;3 and 8.3 cases per million person-years in 2008 in England and Sweden, respectively. Therefore, the literature suggests an estimated incidence between 3 and 12 cases per million persons per year, and an estimated prevalence of 30 000 to 45 000 AL amyloidosis patients in the United States and the European Union. 1, 7, [11] [12] [13] [14] Additionally, studies have shown that men have a slightly increased rate of AL amyloidosis compared with women, and the majority of patients are over the age of 65 years. 1, 7, 15 Given the lack of contemporary data on AL amyloidosis in the United States, this study sought to examine the prevalence (proportion of the population having the condition at a given time) and incidence (annual rate of newly identified cases) of AL amyloidosis over a 9-year period (2007-2015) using health insurance claims data. This epidemiological information on AL amyloidosis in the United States will be vital to (1) understanding the current burden of this lifethreatening disease, and allow us to monitor future trends in prevalence and incidence rates and (2) bolstering awareness of AL amyloidosis, which may lead to more rapid identification and treatment and, in turn, enhance patient survival.
Methods

Data sources
Data from the Truven MarketScan Commercial and Medicare Supplement Databases (Truven Health Analytics, Ann Arbor, MI) from 1 January 2007 to 31 December 2015 were used to examine the prevalence and incidence of AL amyloidosis. These data sources were used in a previous publication. 16 The MarketScan Commercial and Medicare Supplemental Databases are Health Insurance Portability and Accountability Act (HIPAA)-compliant administrative claims databases. The commercial data included medical encounters from ;65 million individuals and their dependents insured by employer-sponsored plans (ie, non-Medicare eligible). Coverage was provided under a variety of fee-for-service, fully capitated, and partially capitated health plans, including preferred provider organizations, point-of-service plans, indemnity plans, and health maintenance organizations. The Medicare supplemental data included ;5.3 million Medicare-eligible retired employees and their spouses with employer-sponsored Medicare supplemental plans. Given the deidentified nature of the data used in the present study, informed consent was not required by HIPAA rules.
Study population and measures
As there is no diagnosis code specific to AL amyloidosis, the following algorithm, which was used in a previously published study, 16 was used to identify patients in each calendar year during the study period ( [17] [18] [19] [20] [21] for AL amyloidosis (bendamustine, bortezomib, carfilzomib, cyclophosphamide, dexamethasone, prednisone, doxycycline, lenalidomide, melphalan, pomalidomide, thalidomide, or hematopoietic stem cell transplant [HSCT]) on or after the first amyloidosis diagnosis in the study period. A similar population-identification algorithm was used in a recent publication and confirmed with clinical input. 22 Prevalence was calculated as the number of AL patients divided by the number of adult enrollees on June 30th of each calendar year and reported as per million persons per year. Incidence was calculated as the number of patients with AL who were disease-free for 1 year and enrolled with a health plan for 1 year prior to the first AL amyloidosis diagnosis in the identification period (1 January 2008 to 31 December 2014), divided by the number of adult enrollees with enrollment from July 1st of the previous year to June 30th of each calendar year and reported as per million person-years. Considering the poor prognosis of AL amyloidosis, we did not require continuous enrollment in each study calendar year for the main analysis. A sensitivity analysis was performed requiring patients to have continuous enrollment in each calendar year (and in the year prior for incident cases).
Statistical analysis
Descriptive analyses were performed for this study. Yearly prevalence proportions were reported for each calendar year from 2007 through 2015. Yearly incidence rates were reported from 2008 through 2015. Rates stratified by age group and sex were also reported. In addition, we reported age-sex-adjusted prevalence and incidence based on 2010 US census data for the adult population (supplemental Table 2 ). Furthermore, for each sex, we reported age-adjusted rates based on the age distribution in the 2010 US census. To characterize trends in prevalent and incident rates of AL amyloidosis over time, we calculated an annual percentage change (APC) by fitting a linear regression line to the natural logarithm of the rates, using the calendar year as a regressor variable. APC is used to describe rates over time; with this approach, rates are assumed to change at a constant percentage of the previous year's rate.
Results
Between 2007 and 2015, 7591 prevalent patients with AL amyloidosis were identified, ranging from 368 to 1080 cases per million per year (Table 1) . Prevalent patients were a mean (standard deviation [SD]) age of 63 (12) years old; 55% were male; 34% were from the south; and 59% had commercial health insurance ( Table 2 ). The mean (SD) age of prevalent patients was stable from 2007 to 2015 (Table 2) .
Similarly, incident patients were a mean (SD) age of 64 (13) years; 54% were male; 35% were from the south; and 56% had commercial health insurance ( Table 3 ). The mean (SD) age of incident patients was stable from 2007 to 2015 (Table 3 ).
The unadjusted prevalence of AL amyloidosis increased significantly during the study period: from 15. Table 1 ). The unadjusted incidence of AL amyloidosis ranged from 9.7 to 14.0 cases per million personyears, with no statistically significant increase (APC, 3.1%; P 5 .114) ( Tables 6 and 7) . When age-and sex-adjusted based on 2010 US census data for the adult population, the incidence of AL amyloidosis ranged from 10.8 to 15.2 cases per million Age, mean (SD), y 63 (12) 63 (12) 62 (12) 62 (12) 64 (12) 64 (12) 65 (12) 63 (12) 64 (13) 63 (12) 18-34, n (%) 5 (1. person-years, with no statistically significant increase (APC, 3.1%; P 5 .098) ( Tables 6 and 7) . Similarly, for each sex, when age-adjusted based on 2010 US census data for the adult population, the incidence of AL amyloidosis did not significantly increase during the study period (APC, 4.1%, P 5 .045 for females; APC, 2.3%, P 5 .331 for males). Similar trends were found in the sensitivity analyses. (Tables available upon  request) . *The denominator is the number of members enrolled with a health plan on June 30th of each calendar year. †Based on 2010 US census data. Overall rates were adjusted by age and sex distribution, and rates by sex were adjusted by age distribution within specific sex.
With regard to patient characteristics, male adults over the age of 65 years were found to have the highest prevalence and incidence rates of AL amyloidosis (Tables 4-7) .
Discussion
The present study fills a gap in knowledge by adding contemporary data to the literature on the epidemiology of AL amyloidosis in the United States. To date, only 1 known population-based study of AL amyloidosis in the United States has been conducted, and data used are almost 30 years old. 1 By increasing awareness of this fatal disease, clinicians may be more likely to recognize and treat it earlier, which may in turn extend patient survival and enhance quality of life.
Using health care claims databases, our analysis indicates that the adjusted (unadjusted) prevalence of AL amyloidosis increased significantly from 20.1 (15.5) cases per million in 2007 to 50.1 (40.5) cases per million in 2015, an annual percentage change of 12% (11.9%). Extrapolating from these data, there were at least 12 000 adults in the United States living with AL amyloidosis in 2015, and the number seems likely to continue rising based on the trajectory we found. Our finding that AL amyloidosis prevalence increased over the 9-year study period is supported by an earlier study in England by Pinney et al whose analyses also indicated a significant increase in prevalent cases from 2000 to 2008. 11 In our analysis, the adjusted (unadjusted) incidence of AL amyloidosis did not increase significantly from 2007 to 2015; incidence rates ranged from 10.8 (9.7) to 15.2 (14.0) cases per million person-years, with an annual percentage change of 3.1%. This finding concurs with a previous study by Kyle et al that was conducted with 21 incident AL amyloidosis cases identified in Olmsted County, MN between 1950 and 1989, which found a slight but nonsignificant increase in age-and sex-adjusted incidence rates over the 4 decades. 1 In the study on the general population living in Olmsted County from 1950 to 1989, the authors found an incidence rate of 9 cases per million person-years, and deduced that ;2200 new cases of AL amyloidosis are diagnosed in the United States annually. Incidence rates found in our analyses are slightly higher than those found in England and Sweden, 11, 12 likely due to the fact that these 2 studies used older data and awareness of AL amyloidosis may have increased recently.
In our current study, prevalence and incidence of AL amyloidosis were higher in males than females; these findings are supported by several previous studies. 1, 4, 5, 7, 15, 19 For example, in a study by Weiss et al, 59% of the 1,430 AL amyloidosis patients identified in Sweden between 1995 and 2013 were men. 4 In another Swedish study by Hemminiki et al with 813 AL amyloidosis patients identified between 2001 and 2008, men were found to have a 1.3 times higher incidence of the disease than women. 12 As demonstrated by our analyses, prevalence and incidence did not differ across US geographic regions.
The mean age of AL amyloidosis patients in our study was 63 years. These findings are similar to those found in several prior analyses. Tables 4 and 5) . ‡P values are for the trend of APC, reflecting whether the APC is different from zero (for Tables 4 and 5) . §Based on US 2010 census data. Overall rates were adjusted by age and sex distribution, and rates by sex were adjusted by age distribution within specific sex.
For example, among the 1430 AL amyloidosis patients identified in Sweden between 1995 and 2013, the mean age at diagnosis was 66 years. 4 Similarly, Real de Asúa et al reported a mean age of 66 years among 24 AL amyloidosis patients admitted to a hospital in Spain between 2000 and 2010. 23 In another study with 232 AL amyloidosis patients with cardiac dysfunction, median age at presentation was 59 years. 24 In this study, we observed an increase in AL amyloidosis prevalence over a 9-year period (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , coupled with stable incidence. Despite the fact that our study could not determine the mechanisms responsible for the observed change, a study by Muchtar et al with 1551 newly diagnosed AL amyloidosis patients seen at the Mayo Clinic between 2000 and 2014 found a significant improvement in overall survival over time, a change that could explain our findings. 25 Continual enhanced survival is only possible if AL amyloidosis symptoms and cases continue to be identified earlier and characterized accurately. Awareness is essential for timely detection and treatment of amyloidosis. 19 We further call for widespread education about the disease, as many institutions lack the training and resources to support these educational efforts.
This study has limitations. Most importantly, there is no diagnosis code in ICD-9-CM or ICD-10-CM specific to AL amyloidosis and no generally accepted or clinically validated method for identifying this condition using health insurance claims data. The codes for this study were selected with clinical expert input to eliminate as many non-AL amyloid patients as possible (eg, by excluding 277.31, familial Mediterranean fever, and E85.3, secondary systemic amyloidosis). We further required patients to have received treatment consistent with expert recommendations for AL amyloidosis. This requirement would be expected to decrease the sensitivity but increase the specificity of our identification algorithm. Nonetheless, patients with transthyretin-related hereditary amyloidosis would likely still have been included in our sample. To examine the number of transthyretin-related hereditary amyloidosis patients that may have been included in our sample, we conducted a sensitivity analysis excluding patients who received doxycycline without adjunctive chemotherapy and found a nonsignificant (5%) reduction in the sample size. We are planning to validate the algorithm we used in a future study using data collected from medical records. Until such a validation study is completed, or a more accurate algorithm is proposed, we believe our epidemiologic estimates represent an improvement on a decades-old study conducted in a limited geographic area. Second, our data set included commercially insured patients only who were either healthy enough to be employed or closely related to an employed person, so findings may not precisely reflect the US population due to this healthy-worker bias. Also, our data set included a small proportion of Medicare patients relative to commercially insured patients. Third, a larger proportion of patients aged $65 years were included in our study compared with the US adult population. This may be unrepresentative of the general population and overestimate prevalence and incidence given that these rates 1 increase with advancing age. Fourth, the administrative claims used in this study were collected for reimbursement purposes and the completeness and accuracy *Number of members enrolled with a health plan from July 1st of previous year to June 30th of the calendar year. †Based on US 2010 census data. Overall rates were adjusted by age and sex distribution, and rates by sex were adjusted by age distribution within specific sex.
of medical coding is subject to data coding restrictions and data entry error. Fifth, we were unable to examine mortality because these data were unavailable in claims, and we were unable to link the data due to privacy reasons. Lastly, because treatments for AL amyloidosis and multiple myeloma are similar, it is likely that a high number of prevalent AL amyloidosis patients have coexisting multiple myeloma, as observed in the existing literature. 16, 26, 27 Despite these limitations, the current findings shed light on the epidemiology of this rare and life-threatening disease. Tables 6 and 7) . ‡P value reflects whether the APC is significantly different from zero (for Tables 6 and 7) . §Based on US 2010 census data. Overall rates were adjusted by age and sex distribution, and rates by sex were adjusted by age distribution within specific sex.
